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Objective. The objective was to deﬁne and evaluate a role for the Vascular Neurology-Nurse Practitioner (VN-NP) in the delivery
of telemedicine consultations in partnership with a vascular neurologist. Methods. Prospective stroke alert patients at participating
hospitals underwent a two-way audio video telemedicine consultation with a VN-NP at a remotely located stroke center in
partnership with a vascular neurologist. Demographic information, National Institutes of Health Stroke Scale (NIHSS) scores,
diagnoses, CT contraindications to thrombolysis, thrombolysis eligibility, and time interval data were collected. The inter-rater
agreement between VN-NP and vascular neurologist assessments was calculated. Results. Ten patients were evaluated. Four were
determined to have ischemic stroke, one had a transient ischemic attack, two had intracerebral hemorrhages, and three were
stroke mimics. Overall, three patients received thrombolysis. The inter-rater agreement between VN-NP and vascular neurologist
assessments were excellent, ranging from 0.9 to 1.0. The duration of VN-NP consultation was 53.2 ± 9.0 minutes, which included
the vascular neurologist supervisory evaluation time of 12.0 ± 9.6 minutes. Conclusion. This study illustrated that a stroke center
VN-NP,inpartnershipwithavascularneurologist,coulddelivertimelytelemedicineconsultations,accuratediagnoses,andcorrect
treatments in acute stroke patients who presented to remotely located rural emergency departments within a hub and spoke
network. VN-NPs may fulﬁll the role of a telestroke provider.
1.Introduction
The purpose of this preliminary study was to deﬁne,
demonstrate, and evaluate a role for the vascular neurology
nurse practitioner (VN-NP) in the delivery of telemedicine
consultations in partnership with a vascular neurologist
in the context of an established hub and spoke stroke
telemedicine network. NPs, physician assistants (PAs), and
other physician extenders are no longer being relegated to
subservient roles in health-care delivery. They are assuming
an ever-increasing level of responsibility in patient care.
With technological enablers, such as telemedicine, physician
extenders’ future roles as specialty caregivers in rural com-
munitieswillgrow.Examplesofphysician—NPtelemedicine
partnerships already exist in rural emergency medicine, but
none describe the potential role of a VN-NP telemedicine
provider responding to cases of acute stroke.
Physician extenders and midlevel providers have prac-
ticed emergency medicine for 25 years or more [1]. In the
United States, it is estimated that NP and PA are involved
in 1.8% and 6.5%, respectively, of emergency department
consultations [2]. Nearly half of all emergency departments
employ midlevel providers [3]. Historically, emergency
medicine midlevel providers were positioned in the hospital;
when or if, supervision was necessary, emergency physicians
and/or medical or surgical specialists were consulted. With
telemedicine, an NP positioned in an emergency department
could consult a remotely located physician. For example,
in the published program, “TelEmergency for rural hospi-
tals,” emergency NP collaborated with remote TelEmergency
physicians to treat patients [4]. The NP was required to have
speciﬁc qualiﬁcations, including master’s degree, certiﬁca-
tion as a family NP with an unrestricted license, and state
license eligibility [4]. In the TelEmergency system, the cost2 International Journal of Telemedicine and Applications
of 24/7 NP and TelEmergency physician staﬃng partnership
was US $53,000 per month per spoke, compared with an
estimated US $72,000 per month for a traditional physician
staﬃng model [4]. The NP and physician partnership system
allowed participating spoke hospitals to provide emergency
services equivalent to a physician-only model while realizing
signiﬁcantcostsavings.InTelEmergency,strokepresentation
was a top-ten most common complaint category in the
patients over 75 years of age, representing 6% of the
diagnoses. Overall patient satisfaction with a TelEmergency
program was very high, 94% indicating comfort in the
system and practitioner partnership [4]. Other countries,
including Australia, England, Scotland, Netherlands, and
Canada have adopted midlevel providers in rural and remote
regions to address workforce shortage [5]. The midlevel
providers have provided safe, high-quality, and cost-eﬀective
care. There are many published examples of both NPs and
PAs practicing telemedicine [6–9].
In vascular neurology, it is notable that there is a rural
metropolitan disparity in acute stroke care with a shortage
of vascular neurologists and an aging-aware population.
There is more public pressure than ever before. Healthcare
organizations are answering by establishing primary stroke
centers. However, acquiring the needed work force remains
challenging. One solution would be to utilize specialized NPs
or PAs.
The primary objective of this preliminary study was
to establish the feasibility of a VN-NP and a supervising
vascular neurologist partnership to respond, emergently, to
telestroke hotline activations in a single hub, multirural
spoke hospital telestroke state network. A secondary objec-
tive was to assess agreement between VN-NP and vascular
neurologist over the NIHSS score, diagnosis (stroke or
nonstroke), head CT interpretation (radiological contraindi-
cation to thrombolysis or not), and overall thrombolysis
eligibility (yes or no). Thirdly, the encounter time (minutes)
intervals of the VN-NP vascular neurologist consultative
partnership experience were evaluated.
2. Methods
A fully operational single-hub, multirural spoke hospital
telestrokenetworkexistedinArizona,UnitedStatesofAmer-
ica. A description of how the early hub and spoke network
wasestablishedwithdescriptionsofthetechnologicalfactors,
information technology, security, data encryption, the audio
visual (AV) camera system, and technique, and prospective
reliability have already been published [9–14].
The hub stroke team (on-call 24 hours per day, 7
days per week) was contacted directly by a ring-central
operated alphanumeric group pager system or smart phone
when a patient with acute stroke symptoms presented at
the spoke emergency department. When on-call with the
stroke team (1 week per month) the designated hub VN-NP
telephoned the applicable spoke emergency department and
spoke brieﬂy with the spoke emergency physician in order
to determine patient eligibility status for AV consultation.
The published STRokE DOC AZ TIME and STARR AV
telestroke consultation algorithm was replicated [10, 15].
Eligible consented patients underwent consultation. The
hub VN-NP established audio and video contact with the
spoke site and immediately acquired a medical history from
patientsandalltheaccompanyingrelatives,supplementedby
verbal and written reports from emergency medical systems
(EMS), physicians, and nursing staﬀ.
Following the history acquisition, the VN-NP, certiﬁed
in National Institutes of Health stroke scale (NIHSS) exam-
ination, performed the evaluation with the aid of healthcare
provider staﬀ at the spoke site. Other relevant elements of
the examination were performed by, or reported to, the NP
as appropriate. Diagnostic test results were reported to the
VN-NP by the spoke emergency physician, either verbally or
by electronic-fax (e-fax). The e-fax is a system in which faxed
material is received via e-mail. Head computed tomography
(CT) images were viewed by the hub VN-NP with digital
imagingandcommunicationsinmedicine(DICOM)viewer.
The hub VN-NP completed a prespeciﬁed consultation
report form, which included acute time intervals, eligibility
criteria checklist for thrombolysis, NIHSS scoring, CT eval-
uation checklist, and laboratory ﬁndings. Clinical deﬁcit and
functional scale scores (including the NIHSS and prestrike-
and poststroke- modiﬁed Rankin scale (mRS) score) were
calculated by the VN-NP with the information provided
by the bedside emergency physician or other healthcare
providers. After a review of the history, the examination
ﬁndings, stroke scales, head CT interpretation, laboratory
results, and electrocardiogram, the VN-NP communicated
with the supervising hub vascular neurology consultant.
Communication between the VN-NP and vascular neu-
rologist was generally by telephone as they were not in the
same location. In every consultation the VN-NP presented a
synthesis of the case, the diagnosis, and a recommendation
regarding patient eligibility for intravenous thrombolysis to
the supervising consultant. The consultant, also certiﬁed
in the NIHSS examination, established audio and video
contact with the spoke site and was free to repeat, or
request a repeated, examination item and could interact
with patient, relatives, witnesses, and emergency nurses and
review head CT. Within approximately 10 minutes, the
consultant notiﬁed the VN-NP of whether or not there was
agreement regarding the NIHSS score, CT interpretation,
diagnosis, and treatment recommendation. Once consensus
was reached (within approximately 5 minutes), the VN-NP
presented the recommendation regarding patient diagnosis
and eligibility for intravenous thrombolysis to the spoke
emergency physician. The VN-NP dictated a consultation
summary note, and the consultant added a brief supervisory
note. Once transcribed, both were transmitted to spoke
emergency department by e-fax. Copies were maintained in
the hub and spoke healthcare records.
Hub hospital stroke center providers included a Neu-
rovascular Education and Training in Stroke Management
and Acute Reperfusion Therapy (NET SMART) NP graduate
and ﬁve vascular neurologists. Equipment included internet-
enableddesktopsandlaptopswithcamerasforhubproviders
and telemedicine platform systems at remote emergency
departments [16]. The software enabled site-independent
access to two-way audio and high-resolution video, overInternational Journal of Telemedicine and Applications 3
Table 1: Demographic information, diagnoses, and thrombolysis eligibility.
VN-NP Telemedicine Algorithm (N = 10)
Gender (% Female) 50.0
Age (Mean, Years) 70.8
NIHSS Score (Mean) 11.6
Ischemic Stroke (%) 40.0
Intracerebral Hemorrhage (%) 20.0
TIA (%) 10.0
Stroke Mimic (%) 30.0
CT contraindication to thrombolysis (%) 20.0
Thrombolysis Administered (proportion of consultations) 30.0
standard internet connections (BF Technologies, San Diego,
CA, USA).
Data from ten prospective VN-NP telestroke consulta-
tions, supervised by a vascular neurologist, were collected
during the interval from November 2008 to November 2009.
The study was approved by each of the participating spoke
hospital institutional review boards (IRB) and also by Mayo
Clinic IRB, with authorization for central oversight.
3.StatisticalAnalysis
This preliminary paper was principally a feasibility study.
The study sample size was 10 cases. Analyses included
mean and standard deviation of time categories and kappa
coeﬃcient for inter rater agreement.
4. Results
Table 1 displays basic demographic information, severity of
deﬁcit, diagnosis, CT observation, and thrombolysis eligibil-
ity of this study cohort. The VN-NP telestroke consultation
patients did not diﬀer substantially, in characteristics, from
thosepatientsinsimilartrials[10,12].TheVN-NPtelestroke
consultation patients were broadly representative of typical
patients seen by emergency stroke teams, for example,
similar proportions of ischemic and hemorrhagic stroke,
transient ischemic attack, and stroke mimics. Thirty percent
of the VN-NP consultation patients were determined to have
ischemic stroke and were eligible for thrombolysis, similar to
the proportion in other telestroke trials [10, 12]. The inter
rater agreement between VN-NP and vascular neurologist
(Table 2) was excellent for NIHSS score, diagnosis, head CT
interpretation, and overall thrombolysis eligibility.
5. Discussion
There are many facets of this small study worthy of discus-
sion, including: comparing time intervals between teleme-
dicine studies, feasibility, scope of practice of mid level
providers, neurovascular specialty training, and future con-
siderations.
The time intervals of the VN-NP vascular neurologist
consultative partnership (Table 3) were similar to those of
Table 2: VN-NP and Vascular Neurologist Inter rater Agreement.
Assessment Kappa(95%CI,ifapplicable)
NIHSS Score 0.859 (0.734 to 0.984)
Stroke Diagnosis 1.0
CT contraindication to thrombolysis 1.0
Thrombolysis eligibility 1.0
previously published traditional vascular neurologist service
provision in telestroke trials in the same network (STRokE
DOC AZ) [7] and a comparable network in a neighboring
state (STRokE DOC) [12]. Compared to physician-only
telestroke consultations, the VN-NP algorithm resulted in
approximately 10 minutes faster call-to-neurology exam and
10 to 20 minutes faster consent-to-neurology exam intervals,
but 20 to 30 minutes slower decision-to-rt-PA interval. The
VN-NP appeared to respond quickly to telestroke alert calls
fromspokehospitals,progressingswiftlyfromtheemergency
alert to starting the consultation. On the other hand, the
decision (for tPA eligibility) to tPA administration was
relativelylong,45minutes,inthisstudy.Theresultrepresents
only three (of 10 total) thrombolysed subjects. The sample
was very small. Events needing to occur between VN-
NP decision and thrombolysis include: supervising vascu-
lar neurologist evaluation, consensus, communication with
emergency physician, communication with patient/family,
pharmacy order for tPA, drug preparation, and then admin-
istration. Occasionally elevated blood pressure required
treatment before tPA was administered. Despite the added
complexityoftwoneurologyprovidersassessingeachpatient
and communicating with one another, the overall time inter-
vals of call-to-decision and consent-to-rt-PA were similar
to intervals reported by STRokE DOC trials [12, 15]. The
supervising vascular neurologists required an average 12.0
minutestoassesseachsharedtelestrokecase,incontrasttoan
average requirement of 58.3 to 64.7 minutes per case without
VN-NP partnership [12, 15]. Even the cumulative total of
VN-NP plus vascular neurologist time requirement (65.2
minutes) was not substantially diﬀerent from the published
time required by a solo vascular neurologist (58.3 to 64.7
minutes) [12, 15].4 International Journal of Telemedicine and Applications
Table 3: Consultation time intervals.
Time Interval VN-NP Telemedicine Algorithm (mean
and standard deviation, minutes)
Onset to Door 32.3 ±20.5
Onset to Call 42.8 ±21.2
Onset to Lab 110.5 ±12.0
Onset to Decision 112.6 ±31.1
Onset to rt-PA 159.0 ±8.5
Door to Call 19.6 ±18.7
Door to Consent 39.8 ±26.0
Door to Lab 75.0 ±32.4
Door to Neuro Exam 54.2 ±15.1
Door to CT Reading 78.2 ±23.4
Door to Decision 69.6 ±9.6
Call to Consent 21.0 ±10.8
Call to Neuro Exam 31.5 ±11.5
Call to Decision 53.2 ±9.0
Consent to Neuro Exam 9.0 ±16.8
Consent to Decision 30.7 ±19.3
Consent to rt-PA 67.0 ±30.5
Decision to rt-PA 45.5 ±21.9
Deﬁnitions: Onset:stroke symptom onset time or the time the subject was
last known to be at baseline state; Door:emergency department triage time;
Lab:time lab results reviewed; Decision:time that thrombolysis eligibility
was determined; rt-PA:time of IV rt-PA administration; Consent:time of
subjectorrepresentativewrittenconsent;NeuroExam:timethattheNIHSS
evaluation started; CT Reading:time that CT was interpreted.
Theresultsfromthispreliminarystudydemonstratedthe
feasibilityofestablishingaVN-NPandasupervisingvascular
neurologist partnership to respond, emergently, to telestroke
hotline activations in a single hub, multirural spoke hospital
telestroke state network compared to those of published
traditional vascular neurology consultant telestroke service
provision in the same network (STRokE DOC AZ) and a




The algorithm proposed is built upon the success
of midlevel providers practicing emergency medicine and
telemedicine, but there is a fundamental diﬀerence. In our
studyalgorithm,boththeVN-NPandthevascularneurology
physician specialist were practicing telemedicine remote
from the emergency patient. The concept of telestroke is
already a decade old but its broad and growing utilization
is relatively novel. Elements of this consultative modality
remain controversial, debated, researched and pose limita-
tions and obstacles to wide-scale adoption. We believe this
to be the ﬁrst published description of VN-NPs as telestroke
providers. We anticipate the continued, and growing, need
for stroke providers and suspect that vascular neurologist
numbers, alone, will not suﬃce. Stroke-trained midlevel
practitioners, together with telemedicine, may provide a
practical and cost-eﬀective solution.
In this study, it is important to clarify the scope of
practice for NPs and PAs. The healthcare organization, Mayo
Clinic, where this study took place, spans three states and
employs both NPs and PAs. The policies regulating the
scope of practice for NPs and PAs are consistent system
wide and are collectively classiﬁed as Advanced Midlevel
Practitioners (AMLPs). Many healthcare organizations have
policies governing the practice of AMLPs that may diﬀer
from the state boards.
A study funded by the National Center for Health
Workforce Analysis bureau of Health Professions compared
changes in the professional practice for NPs, PAs, and
certiﬁed nurse midwives from 1992 and 2000 [17]. The PA
is a physician extender whose scope of practice is determined
by the supervising physician who delegates or assigns duties
within their specialty. However state laws and regulations
play a signiﬁcant role as well [18] whereas in most states NPs
a r en o td e p e n d e n to nu p o np h y s i c i a nd e l e g a t i o no rs u p e r v i -
sion with autonomy and have full prescriptive rights [19].
In this study the supervision of the NP by the col-
laborating physician is important. Stroke telemedicine is a
newfrontier.Recently,vascularneurologistswereconducting
studies to determine if they could accurately and safely make
decisionsontheuseofthrombolysisforacutestrokeutilizing
audio-video consultation. The research team determined
that a partnership of a physician and NP would be a
conservative and safe next step for a pilot study. The results
could inﬂuence the development of collaborative or solo NP
acute stroke telemedicine practices.
Many NPs and PAs are becoming more subspecialized in
their practice. The NET SMART-APN is the ﬁrst-ever fellow-
shipforneurovascularcare.Itisafederallyfunded,evidence-
based, neurovascular fellowship program supported by the
Healthcare Services and Resources Administration. Eighty-
one APNs are currently enrolled in the curriculum, and 15
will graduate in 2010. At stroke centers with newly graduated
NET SMART APN fellows, the thrombolysis treatment rates
have increased substantially [16]. The NET SMART program
includes 14 learning modules, with “CT Imaging in Acute
Stroke” included as a fundamental topic. The 28-hour
module incorporated both online didactic and preceptored
training by vascular neurologists and Neuroradiologists with
20 acute stroke cases to be signed oﬀ for accuracy. NET
SMART graduates who become proﬁcient with telemedicine
techniqueshavealltherequisiteskillstoserveasprovidersfor
rurally located stroke patients in the emergency department,
the hospital, and during postdischarge followup clinics.
AcutecareNPsroleintelemedicinepracticeisexpanding.
According to the Joint Commission, the medical staﬀ
determines which services can be appropriately delivered
via telemedicine [20]. All practitioners, including NPs, who
diagnose and treat patients using telemedicine technology,
are subject to the credentialing and privileging processes
of the receiving organization [20]. A receiving organization
may elect to use the credentialing information gathered by
another JC accredited facility, provided that the receiving
organization makes the decisions delineating privileges [20].
The Arizona Board of Nursing does not make reference to
NPs and telemedicine. NPs do not require a supervisingInternational Journal of Telemedicine and Applications 5
physician for treating patients in Arizona although they are
expected to consult a physician whenever they believe the
situation warrants it.
6. Conclusion
This preliminary study was limited, principally by size
(10 consultations) and the lack of a direct comparison
arm. Nonetheless, the study was the ﬁrst to demonstrate
that a VN-NP, in partnership with a vascular neurologist,
could deliver timely telemedicine consultations, accurate
diagnoses, and correct treatments in acute stroke patients
who presented to rural emergency departments within an
established hub and spoke network. Future larger studies
on this topic should be designed to compare timeliness,
accuracy, decision making, eﬀectiveness, short and long
term clinical outcomes, and cost of the VN-NP versus
vascular neurologist-only model for acute stroke care in
rural community settings. This VN-NP and a telemedicine
practicepartnershipwithvascularneurologistsmaybeviable
answers to the critical rural-urban disparity of acute stroke
management practices.
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